Chiswell, S. M., Wimbush, M., and Lukas, R. ( 1988) Island (6øN, 162øW) in the central Pacific. These instruments provided yearlong records of acoustic travel time, deep pressure and sea level. Two independent time series of dynamic height are derived from travel time and sea surface elevation, respectively. The spectra of these time series are similar, and at the spectral peaks the coherence between them exceeds 99.9% confidence levels, indicating that travel time can be used to record dynamic height fluctuations. This investigation provides a frequency dependent calibration for the IES in this region. At the energetic low frequencies (periods---1 month), this calibration agrees with a calibration by the standard method using conductivity-temperature-depth (CTD) casts. At higher frequencies (periods of ,-, 3 days), using the CTDderived calibration may underestimate the amplitude of some processes by as much as 30%.
These empirical calibrations are usually made by regressing dynamic height with synthesized travel time, both computed from a regional set of conductivity-temperature-depth (CTD) casts, which are not necessarily coincident with an actual IES deployment. The regressions often have a high correlation [e.g., Watts and Rossby, 1977] , and the slope of the least squares fit is used as a calibration for the IES. These slopes, however, are controlled mainly by the large-amplitude signals, which generally occur at low frequencies. There is no assurance that the same calibration applies to less energetic, generally higher-frequency signals; and from a set of CTD casts it is The temporally coincident and nearly spatially coincident travel-time, deep-pressure, and shallow-pressure time series made near 6øN provide an opportunity to compare dynamic height derived from travel time with that derived independently from sea surface elevation. This paper presents such a comparison to determine how well the IES measures dynamic height at periods from 2 days to 4 months. The 1-year time series of measurements allows us to calibrate the IES as a function of frequency, and we investigate how this calibration compares with one obtained directly from a set of CTD casts. In the next section we briefly review the arguments relating travel time to dynamic height. Then in section 3 we present a calibration made from CTD casts taken as part of the North Pacific Experiment (NORPAX) Hawaii-to-Tahiti Shuttle. Section 4 develops a model for the interrelationship of travel time, deep pressure, and shallow pressure. The comparison between IES-derived and sea level-derived dynamic height is given in section 5. Section 6 presents the conclusions.
TRAVEL TIME AND ITS INTERPRETATION
The IES is moored near the ocean bottom and regularly transmits and detects sound pulses to measure the round trip acoustic travel time, z, from the seafloor to the sea surface. 
Watts and Rossby

H2(t ) = r/(t) + H 3 -H•(t) (3)
where r/is sea level, H• is the geometric distance between the reference pressure level and the sea surface, and H 3 is the mean depth. Since H 3 is a constant, the Fourier transform of 
Equations (8) 
SUMMARY AND CoNCLusIONS
Until now, the justification for using inverted echo sounders to measure baroclinic processes has relied heavily on temporally discrete CTD or expendable bathythermograph observa- This paper has presented a method for comparing dynamic height measured from acoustic travel time with that obtained from island sea level. In principle, varying mixtures of vertical modes could produce a frequency dependent IES calibration, m(f), but this does not appear to have occurred to a significant extent during this deployment. At long periods, m derived from the IES-pressure gauge comparison agrees well with the CTD-derived slope extended to 4000 m (though the applicability of the extension is otherwise uncertain). There is some evidence that m depends on the processes leading to the variability, with higher-frequency dynamics having steeper calibration slopes; however, it appears that using the low-frequency value would underestimate the amplitude of these processes by at most 30%. The bottom pressure pb is the sum of the hydrostatic pressure p and atmospheric pressure Pa. Dropping the frequency dependence for simplicity, were obtained from Koopmans [1974] , Welch [1967] , and Thompson [ 1979] .
Equations (10) can be regarded analogous to a linear response system [Jenkins and Watts, 1968] with Gaussian white noise with the same signal-to-noise ratio, and the transfer function was computed according to equation B1. These simulations show that equation B1 correctly computes r5 and that the limits on r5 depend on the amount of noise present. This noise was estimated from the observed coherence between x and y assuming equal signal-to-noise ratios for each variable.
